Background
Introduction
Esophageal cancer is one of the most deadly cancers, with mortality rates of approximately 75-85% within 5 years of diagnosis. [1] Curatively intended treatment typically includes esophagectomy and is advocated in the 20-40% of patients with localized disease and acceptable fitness. Yet, only 30% of the patients who receive surgery survive the first 5 years after the operation, according to population-based research. [2, 3] The incidence of esophageal adenocarcinoma is increasing rapidly in many Western populations, urging efforts to improve treatment and survival. [4] A higher socioeconomic status has been associated with health benefits and improved survival for some tumors, [5, 6, 7, 8, 9] but studies addressing esophageal cancer have failed to establish any association between socioeconomic inequality and survival. [10, 11, 12] The poor prognosis in esophageal cancer may be part of the explanation, since many patients die shortly after diagnosis. Moreover, even if socioeconomic variables are associated with survival, differences may have been missed due to limitations of power. Some studies indicate better survival after esophagectomy with a higher socio-economic status, yet other studies do not. [2, 13] Education level is often used as proxy for socioeconomic status, since it is stable over the lifetime. In our previous study examining the role of education level in 600 patients operated for esophageal or gastric cardia cancer in Sweden between [2001] [2002] [2003] [2004] [2005] , an association between lower education level and higher mortality was indicated, but the power did not allow robust conclusions. [14] The objective of the current study was therefore to examine education level in relation to survival after esophagectomy in a substantially larger cohort of patients with esophageal cancer.
Patients and Methods

Study design
The design of this nationwide Swedish cohort study has been described previously. [2, 15] In brief, this was a retrospective population-based cohort study including almost all patients who underwent curatively intended surgery for esophageal cancer in Sweden from January 1, 1987, through December 31, 2010, with complete follow-up for survival until February 2012. The cohort members were identified through Swedish nationwide health care registers. Relevant data were collected from nationwide registers and from surgery and histopathology records of all included patients. The study was approved by the Regional Ethical Review Board in Stockholm, Sweden, and the requirement for obtaining informed consent was waived since all data were analyzed anonymously.
Study exposure-education
Information on education was collected from the Swedish National Education Registry, which was established in 1985 and is updated yearly with information on the highest formal education level attained by each Swedish resident. [16] The highest attained education level (fully or partially completed) at the time of esophagectomy was classified into three well-defined categories based on the Swedish National School of Administration and Statistics Sweden: 1) "compulsory" education, which corresponds to 9 years of education or less, including primary and lower secondary education (up to the age of 16 years), 2) "intermediate" education, corresponding to 10-12 years, including upper secondary education (the standard is 3 years), or 3) "high" education, represented by 13 years or more of formal education, including postsecondary education.
Study outcome-mortality
Date and cause of death were collected from the Swedish Causes of Death Registry, which includes dates and underlying causes of all deaths among persons residing in the country, regardless of where they died (including abroad). Overall mortality up to 5 years after esophagectomy was the main outcome. Secondary outcomes were: 1) conditional mortality, defined as overall mortality up to 5 years after esophagectomy after exclusion of the first 90 days after surgery; 2) short-term mortality, including overall mortality within 90 days of esophagectomy; and 3) disease-specific mortality, defined as mortality associated with esophageal cancer according to the Causes of Death Registry (available only for deaths before January 1, 2011).
Covariates
Covariates included the five most established clinical prognostic factors: age, sex, tumor stage [17] , tumor histology, and history of comorbidity at the time of esophagectomy. Information on six comorbidities was collected: diabetes, cardiovascular disease, pulmonary disease, liver disease, renal failure, and other cancer. Comorbidities within the same group of these six comorbidities were counted only once. Information on covariates were collected through nationwide Swedish registers for in-hospital care and cancer, as well as from review of surgery and histopathology records from all Swedish hospitals ever having conducted esophageal cancer surgery during the study period.
Statistical analyses
Cox proportional hazards models were used to assess the association between level of education and mortality, expressed as hazard ratios (HRs) with 95% confidence intervals (95% CIs). The proportional hazard assumption was evaluated by calculating the correlation between Schoenfeld residuals for the covariates and the ranking of the failure times. The correlations were close to zero and the p-values were above 0.05 which implies that the assumption was met. To manage partial missing data for level of education, tumor stage or tumor histology (21% of patients had at least 1 missing value) both complete case analysis and multiple imputations were conducted. The number of imputed data sets was 20 and monotone logistic method in PROC MI was used with the assumption that the missing data were missing at random (MAR). [18] The variables included in the imputation were age, sex, tumor stage, tumor histology, number of comorbidities, calendar period (time of surgery) and all-cause mortality. Furthermore PROC MIANALYZE was used to combine the results from the analyses of the 20 datasets. The underlying assumption was evaluated by means of sensitivity analyses using pattern-mixture models using the statement missing not at random.
The patient group with high education was used as the reference group. We performed 2 models, a crude (univariate) model only examining the association between education level and survival, and an adjusted (multivariate) model to correct for influence of other variables. The unadjusted survival rates for each educational level are visualized by means of a Kaplan Meier curve.
The multivariable regression model was adjusted for age (categorized into 3 equally-sized groups: 61, 62-70, or >70 years), sex (male or female), number of comorbidities (0, 1, or >1), tumor stage (0-I, II, III, or IV) [17] and tumor histology (squamous cell carcinoma or adenocarcinoma). Stratified analyses were performed for these 5 potential confounders and calendar period (time of surgery, divided into 3 groups: 1987-1994, 1995-2002, and 2003-2010) . To evaluate if the estimates for education level changed over time, a regression model was used with the patient group with high education in the most recent calendar period (time of surgery) as the reference group. All stratified analyses were adjusted for the other variables included in the multivariable regression model. The statistical analyses were performed with SAS version 9.4 (SAS Institute, Inc., Cary, NC).
Results
Patients
In total, 1822 patients who underwent esophagectomy for esophageal cancer during the study period were included. Selected characteristics of the participants are presented in Table 1 . Of 
Education level and mortality
All patients. In total, 1347 (73.9%) patients died within 5 years of surgery, of whom 208 (11.4%) died within 90 days of surgery (Table 1) . Of the patients who died within 5 years approximately 93.5% died from esophageal cancer (based on 975/1043 deaths that occurred before January 1 st , 2010, when data on causes of death was available). Conditional 5-year mortality was 58.4% in the highly educated group and 76.1% in the compulsory educated group. The HRs for mortality after esophagectomy according to education level are presented in Table 2 , and visualized in Fig. 1 . Compared to the highly educated group, the overall 5-year mortality was increased in the intermediate educated group (adjusted HR 1.29, 95% CI 1.07-1.57), and in the compulsory educated group (adjusted HR 1.42, 95% CI 1.17-1.71). The conditional 5-year mortality HRs were similar, with corresponding adjusted HRs of 1.24 (95% CI 1.01-1.52) and 1.33 (95% CI 1.09-1.62), respectively. Also the 90-day mortality was higher in the intermediate educated group (adjusted HR 1.87, 95% CI 1.02-3.43) and the compulsory educated group (adjusted HR 2.28, 95% CI 1.26-4.11). The disease-specific mortality was similar to the overall mortality (data not shown).
Stratified analysis for age, sex and comorbidity. The adjusted stratified analyses for age, sex and co-morbidities are presented in Table 3 . For age, the HR was increased for compulsory educated patients in older age groups, with HRs of 1.61 (95% CI 1.17-2.22) for patients of 62-70 years and 1.47 (95% CI 1.01-2.13) for patients older than 70 years.
For men, an increased HR was found for both intermediate educated patients (HR 1.27, 95% CI 1.01-1.59) and compulsory educated patients (HR 1.38, 95% CI 1.11-1.71). For the Table 2 . Cox regression models analyzing the association between education level and mortality after esophagectomy for cancer, using multiple imputation for missing values.
Level of education > 12 years (reference)
10-12 yearsHR (95% CI) 9 yearsHR (95% CI)
Overall 5-year mortality There was an increased 5-year overall mortality among less educated patients with comorbidity. Among patients with more than one comorbidity, the HRs were 1.34 (95% CI 1.01-1.79) for the intermediate educated group and 1.64 (95% CI 1.24-2.15) for the compulsory educated group (Table 3) .
Stratified analysis for tumor stage and histology. As seen in Table 3 , the adjusted HRs of mortality between education groups were largest in the tumor stages 0-1, with an HR of 1.73 (95% CI 1.00-2.99) in the intermediate educated group and 2.58 (95% CI 1.51-4.42) in the compulsory educated group, compared to the highly educated group.
There was a more pronounced increased HR of mortality for less educated patients with squamous cell carcinoma, with an HR of 1.38 (95% CI 1.07-1.79) for intermediate educated and 1.52 (95% CI 1.19-1.95) for compulsory educated patients, while the corresponding HRs among patients with adenocarcinoma were 1.17 (95% CI 0.87-1.59) and 1.27 (95% CI 0.95-1.71), respectively.
Trends over time. When highly educated patients operated during the most recent calendar period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) were used as a reference, HR of mortality was increased in both previous calendar periods (Table 4) . In all three calendar periods assessed, survival was higher in the highly educated patients compared to the lowest educated patients. The highest overall 5-year Generally, the complete case analyses showed similar HRs to those based on imputed data for missing values, yet with less extreme point estimates and broader confidence intervals (results not shown). The disease-specific HRs were similar to the overall HRs (results not shown). Values are expressed as hazard ratios (HRs) and 95% confidence intervals (CIs).* * All values were adjusted for age (61, 62-70, or >70 years), sex (male or female), comorbidity (0, 1, or >1), tumor stage (0-I, II, III, or IV), and tumor histology (squamous cell carcinoma or adenocarcinoma).
doi:10.1371/journal.pone.0121928.t003 Table 4 . Cox regression models analyzing trends over time in the association between education level and overall 5-year mortality after esophagectomy for cancer, with the highly educated group operated between 2003 and 2010 as reference, using multiple imputation for missing values.
Level of education
> 12 yearsHR (95% CI) 10-12 yearsHR (95% CI) 9 yearsHR (95% CI)
Calendar period (time of surgery) Values are expressed as hazard ratios (HRs) and 95% confidence intervals (CI).* * All values were adjusted for age (61, 62-70, or >70 years), sex (male or female), comorbidity (0, 1, or >1), tumor stage (0-I, II, III, or IV), and tumor histology (squamous cell carcinoma or adenocarcinoma).
doi:10.1371/journal.pone.0121928.t004
Discussion
This study showed a clear association between lower education level and increased mortality after esophagectomy for cancer. These differences were especially apparent in patients with tumors of an early stage and of squamous cell carcinoma histology. Strengths of this study are the population-based design, including virtually all patients operated for esophageal cancer in Sweden over more than 2 decades, long and complete follow-up of all study participants, and robust information on exposures, outcomes and established prognostic factors. Since esophageal cancer has a poor prognosis, and almost all patients die from cancer-related causes (>90%), we can be confident that the studied outcome mainly reflects disease specific mortality.
Education level is a frequently used and robust measure for socioeconomic status, which is relatively stable over time and easy to measure and compare between countries. [19] Other measures of socioeconomic equality, such as income and occupation-based measures are more complicated to measure, especially in older patients of whom a large proportion may be retired. Since healthcare is well organized, easily accessible and virtually without costs to everyone in Sweden, the access to healthcare is equal between patients, and should not influence survival.
A limitation of the study is that treatment and eligibility criteria for surgery change over time. However, we did stratify our results for calendar period effects (time of surgery), and found that higher education was associated with better survival than lower education in all three calendar periods, and overall survival appeared to be better in the most recent calendar period. It was also not possible to make smaller subcategories based on education level (e.g. bachelor or master level), because of the sample size and available data. Another limitation is that a relatively large proportion of patients had missing values for education level, tumor stage or histology. Therefore, we used multiple imputation methods to preserve statistical power. The HRs using the complete case strategy were similar to the HRs where imputation was used, which indicates no major influence of missing data on the results. For the complete-case analyses, we had to exclude a significant part of the cohort (i.e. all those with at least one missing value), which decreases precision and could have introduced selection bias if the missing mechanism was not "missing completely at random" (MCAR). To evaluate this further we also conducted multiple imputation with the underlying assumption of the missing mechanism is missing at random (MAR). The differences of the estimates between these two approaches could partly be explained that missing mechanism is not MCAR.
Although we adjusted our results for age, sex, tumor stage, tumor histology and number of comorbidities, other known and unknown patient, tumor and treatment related variables may also have confounded our results. The selection of comorbidities was decided upon before the data collection, [2] and did not entirely follow comorbidity severity scores such as the Charlson comorbidity index, [20] which uses slightly other definitions and categories. However, since comorbidities are not examined as main exposures, but as confounders, the potential impact of the used categorization on the results was considered limited. There are many potential explanations for an association between cancer survival and education level and other socio-economic factors, such as differences in comorbidity burden, lifestyle and health awareness, as well as choice of and adherence to treatment and healthcare seeking behavior. [5] Yet, as for chronic diseases such as cardiovascular disease and respiratory diseases, the association between educational inequalities and cancer mortality could be related, to a considerable extent, to certain health behaviors. [21] Unfortunately, we did not have data on lifestyle factors, e.g. tobacco smoking, alcohol consumption, body mass index, and dietary factors. These factors might act as confounders or be part of the biological pathway from education level to association with survival. Especially smoking is known to be related to both socio-economic status and survival, yet body mass index, alcohol intake and physical activity can also mediate these effects. [21, 22] Also in Sweden, lower-educated people are more likely to smoke than higher educated people, although this difference was more apparent in women compared to men. [23] A recent study suggested that although the contribution of smoking to socio-economic (educational) inequalities in survival is not negligible, this may be relatively limited in Sweden compared to other European countries. [24] In this cohort, the influence of severe comorbidity on survival, e.g. caused by tobacco or alcohol use, should also be limited because of the strict selection of patients eligible for esophageal cancer surgery. However, smoking and alcohol might have influenced our results, as shown by the stronger association between education level and survival in patients with esophageal squamous cell carcinoma, a cancer occurring more frequently in patients who are regularly exposed to smoking and alcohol. [25] In contrast to previous studies addressing education in relation to prognosis after esophageal cancer surgery, including our previous study, [10, 11, 12, 14] the present study showed a clear association, which was not explained by clinical prognostic factors. The larger sample size of this study might be one explanation, although it is not possible to establish a causal relation. Thus, despite the high mortality rates for esophageal cancer, factors associated with education level, for example lifestyle factors such as alcohol use and tobacco smoking or adherence to treatment and follow-ups, may substantially influence long-term survival after esophageal cancer surgery, although further sufficiently large studies are needed. Clinical implications might be that patients who are less educated may need guidance with lifestyle factors and a closer follow-up after discharge from hospital.
To conclude, this large and population-based study with adjustment for clinical prognostic factors showed a clear association between lower education level and increased mortality after esophagectomy, especially in patients with esophageal tumors of an early stage and squamous cell carcinoma histology.
